Background: Pediatric observation units provide an alternative to traditional hospitalization. The extent to which observation units could replace inpatient care for asthmatic children is unknown. Objective: To describe brief inpatient ("high-turnover," HTO) stays for US children hospitalized with a principal discharge diagnosis of asthma, to characterize cases that may be appropriate for observation. Design: We analyzed the 2006 Kids' Inpatient Database, a nationally representative sample of hospital discharges. HTO stays were defined as hospitalizations of 0 or 1 night in duration. We conducted descriptive statistics and case-mix adjusted, sample-weighted regression analysis of HTO stays, and associated hospital charges. Subjects: Discharges among children aged 2 to 20 years with a principal discharge diagnosis of asthma. Measures: HTO stays and total charges. Results: Overall, 34,592 (34%) pediatric asthma hospitalizations were HTO, accounting for 66,278 hospital days in 2006. HTO stays were associated with younger age, uncomplicated asthma, and private insurance. Freestanding children's hospitals had the highest proportion of HTO stays, 38% (95% CI: 34%-42%) compared with 32% (95% CI: 28%-36%) for children's units and 33% (95% CI: 31%-34%) for general hospitals. In multivariate regression analyses, charges were significantly higher across hospital types when HTO stays begin in the emergency department.
P ediatric observation units (OUs)-an alternative to traditional inpatient care, in which children are treated and discharged in less than 24 hours-have been used by a small group of pediatric institutions for more than 30 years but have not been widely adopted. [1] [2] [3] [4] As the costs of health care in the United States continue to rise, OUs are rapidly gaining attention as a way that institutions may reduce the costs of care for high volume conditions such as asthma. Asthma is already among the top conditions treated within existing pediatric OUs 1,5-8 and more than 70% of OU admissions for asthma are successfully discharged home without requiring an inpatient stay. 9 -12 However asthma still ranks third nationally among conditions for which children are hospitalized and is the single most common reason for pediatric admissions through the emergency department (ED). 13 What is not yet clear is whether there are sufficient numbers of asthma discharges that may be appropriate for observation care to justify hospitals' efforts to establish OU programs. In an analysis of the nationally representative Nationwide Inpatient Sample, we identified a recent pronounced increase in the proportion of children hospitalized in the United States who experience high-turnover (HTO) inpatient stays-where discharge occurred on the day of or the day after admission. 14 Over the 11-year study period, HTO stays for children discharged under the diagnosis-related group (DRG) for asthma increased significantly from 19% in 1993 to 33% in 2003. This growth in HTO stays suggests that the acute inpatient level of care designation 15 is being applied to children who, by the duration of their stay, may be responsive to treatment within an OU. Understanding patient and hospital characteristics associated with HTO stays for high prevalence conditions such as asthma may guide the expansion of models of pediatric OU care.
Using the most recent year of the nationally representative Kids' Inpatient Database (KID), we examine HTO stays for US children who were hospitalized in 2006 with a principal discharge diagnosis of asthma. Our objectives are to (1) provide estimates of health care utilization for pediatric asthma in terms of HTO stays and (2) identify patient and hospital characteristics associated with cases that may be appropriate for observation as an alternative to hospitalization.
METHODS

Sample
The KID is a component of the Healthcare Cost and Utilization Project (HCUP), sponsored by the Agency for Healthcare Research and Quality. 16 HCUP contains a set of health care databases, developed through partnership among federal and state governments and health care institutions. The KID is the only all payer hospital administrative dataset designed specifically to assess use of hospital services by children.
We analyzed the KID from the most recent year available, 2006. These data reflect a sample of pediatric discharges from 3739 community, nonrehabilitation hospitals. The KID includes a systematic random sample of pediatric discharges (patient age Ͻ21 years) from all hospitals in the 38 State Inpatient Databases that participate in the KID. It contains de-identified, patient-level clinical, and resource use data included in a typical discharge abstract. Observation status and OU cases that are not billed as inpatient admissions do not enter the dataset. The study was approved by the University of Michigan Institutional Review Board.
Case Selection
We analyzed hospital discharges among children 2 to 20 years of age with a principal discharge diagnosis of asthma (ICD-9 codes 493.0 -493.92). Children aged Ͻ2 were excluded because of the potential for overlap between bronchiolitis and a true diagnosis of asthma in this age group (n ϭ 18,819). Transfers as the admission source (n ϭ 3981) or discharge disposition (n ϭ 775) were excluded due to the inability to determine the original admission source and total duration of hospital-based care. Discharges with fatalities were also excluded (n ϭ 21). Of the 67,701 hospital stays in the KID with a principal diagnosis of asthma, 62,022 cases (92%) were included in our analysis.
Measures
Patient Characteristics
Age categories (2-4 years, 5-11 years, and 12 years and older) were based on the National Heart, Lung, and Blood Institute's asthma guidelines. 17 Race was collapsed into the following categories: white, black, Hispanic and other, including Asian/Pacific Islander and Native American because of small cell size (Ͻ30) for certain racial groups. Race was missing for 23% of the dataset; therefore, cases where race was missing were categorized as "missing" and included in analyses to avoid systematic exclusion of hospitals that do not report this variable. 14 Expected payer is categorized within the KID as Medicaid, private, uninsured (self-pay or no charge), and other (Tricare/CHAMPUS, Title V, and other government programs). The Medicaid and other payer were collapsed into a public payer category.
To evaluate condition-specific comorbid conditions, individual ICD-9 codes in diagnosis fields 2 to 15 were tallied and placed in rank order. Two of the top 5 unique secondary diagnoses represented conditions with only 1 or 2 ICD-9 codes (hypoxia and eczema/dermatitis). Other top 5 secondary diagnoses (486 -pneumonia organism unspecified, 465.9 -acute upper respiratory infection, and 276.5-volume depletion) have clinical overlap with several additional ICD-9 codes. To account for related conditions, we expanded these groups to include all ICD-9 codes used by the HCUP Clinical Classification Software (CCS) groupings. 18 The CCS, developed by Agency for Healthcare Research and Quality, allows for categorization of diagnoses into a manageable number of clinically related groups. The pneumonia, upper respiratory infection, or fluid and electrolyte disorders' secondary diagnoses were assigned to cases with one of the ICD-9 codes from the CCS groupings.
Hospital Characteristics
Hospital type was classified as (1) freestanding children's hospital, (2) children's unit, or (3) general hospital, according to a variable provided in the KID based on information from the National Association of Children's Hospitals and Related Institutions. Hospital teaching status, admission source, and weekend versus weekday admissions were also analyzed as factors potentially associated with HTO stays. The KID provides the source of admission for each hospital stay categorized as (1) "ER," (2) another hospital, (3) another facility, or (4) routine/birth/other. For this study, ED-based hospitalizations were compared with those designated routine. The routine designation excludes stays that were transferred from another hospital and reflect direct or scheduled admissions. 19 
Dependent Variables
Length of Stay
In the KID, length of stay (LOS) is calculated by subtracting the admission date from the discharge date. Each time a patient stays through midnight, LOS increases by 1. With this measure, all same-day stays are coded as LOS ϭ 0. We primarily evaluated LOS in terms of HTO stays, previously defined as hospitalizations of 0 or 1 night in duration. 14 LOS was also analyzed categorically as HTO stays, stays 2 to 4 nights, and stays 5 nights or longer for comparison of patient and hospital characteristics.
Charges
Hospital charges reported to HCUP represent the total amount charged by the hospital for the entire hospital stay including procedures. According to HCUP, ED charges before a hospitalization may be bundled with total hospital charges depending on requirements of individual payers. Total charges do not include professional fees.
Case-Mix Adjustment
Case-mix adjustment was performed using the all patient refined (APR)-DRG severity of illness classification categories. 20 The 4 APR-DRG severity categories provided in the dataset indicate minor, moderate, major, and extreme illness and were included in the multivariate model as con-trolling variables. Season was included in the multivariate model to control for the expected variation in the triggers for asthma exacerbations and the volume of hospital admissions for pediatric respiratory conditions throughout the year.
Data Analysis
The authors conducted all analyses using Stata 10.0 (Stata Corp, College Station, TX) statistical software. We applied sampling weights provided by the KID 16 and used the svy commands in Stata to generate nationally representative estimates. For the weights, hospitals are stratified using the following 6 hospital characteristics: ownership/control, bedsize, teaching status, rural/urban location, region, and freestanding children's hospital. The complex survey design accounts for clustering of data at the hospital level by using hospital identification number as the primary sampling unit. The results represent weighted analyses unless otherwise indicated.
The distribution of HTO stays across hospitals was evaluated by determining the proportion of HTO stays from each hospital, calculated as the number of HTO stays from the hospital divided by the total number of discharges from that hospital. All freestanding children's hospitals and children's units with asthma discharges in the data set reported both HTO and longer stays. Within the general hospitals (n ϭ 2607), there were 289 hospitals in which all sampled discharges were HTO (proportion of HTO equal to 1) and 539 hospitals in which all sampled discharges contained no HTO stays (proportion of HTO equal to 0). These 828 general hospitals contributed 6587 (11%) discharges to the analytic sample. A sensitivity analysis excluding theses cases was consistent with our primary results; therefore, we present the primary data only.
Bivariate associations between categorical patient and hospital characteristics and LOS categories were analyzed using 2 tests. Survey weighted logistic regression was performed to evaluate the independent association of patient and hospital characteristics with HTO stays. Records with missing data were excluded from multivariate analyses, with the exception of race where missing values were included as a separate category. Independent variables that were significantly associated with HTO stays in bivariate analysis (P Ͻ 0.10) were included in the final model. Stratified analysis was used to compare the influence of hospital type on HTO stays across secondary diagnosis groups. For ease of interpretation, these results are presented as posterior predictions of the proportion of HTO stays within hospital type.
As expected, the histogram of total charge data was heavily skewed. To eliminate extreme outliers, charges were truncated at the first and 99th percentile ($1397 and $47,076, respectively).
Analyses of charges were performed on log-transformed truncated total charges, which were more symmetric. We performed linear regression using the log-transformed truncated total charges as the dependent variable. Again, variables that were significantly associated with charges in the bivariate analysis (P Ͻ 0.10) were included in the final multivariate linear regression model. Results were backtransformed into original units for presentation. Inflation of standard errors for the final point estimates was adjusted using the smearing estimator described by Duan. 21 
RESULTS
Sample Characteristics
Analyses included 62,022 unweighted cases of children aged 2 to 20 years hospitalized with a principal discharge diagnosis of asthma in 2006, representing an estimated 102,533 pediatric asthma hospitalizations nationally. Of the unweighted cases, 9003 were from 36 freestanding children's hospitals, 12,200 were from 109 children's units in general hospitals, and 40,918 were from 2607 general hospitals.
Most asthma discharges in the KID were in children younger than 12 years (Table 1 ). More than one-third of the sample had no reported secondary diagnoses. Severe and extreme severity of illness were rare (Ͻ3%). A minority of discharges were from freestanding children's hospitals. Significant variation in teaching hospital status and admission through the ED were noted by hospital type. Teaching hospital status was assigned to 88% (95% CI: 71%-96%) of discharges within freestanding children's hospitals, 92% (95% CI: 85%-96%) of discharges within children's units, and 43% (95% CI: 39%-46%) of discharges within general hospitals. The ED was the admission source for 83% (95% CI: 74%-91%) of discharges within freestanding children's hospitals, 78% (95% CI: 73%-83%) within a children's unit, and 66% (95% CI: 64%-68%) within general hospitals.
HTO Stays
Overall, an estimated 34,592 (34%) pediatric asthma hospitalizations in 2006 were HTO stays. HTO stays accounted for 66,278 (95% CI: 61,590 -70,965) days of inpatient care, significantly more than the 44,642 (95% CI: 39,450 -49,834) days of inpatient care for stays 5 nights in duration or longer. Patient and hospital characteristics for HTO stays compared with longer stays are presented in Table  2 . All bivariate associations are significant (P Ͻ 0.001). The median proportion of HTO stays was 38.1% (IQR: 30.7%-45.6%) within freestanding children's hospitals, 33.7% (IQR: 24.3%-44.3%) within children's units, and 31.3% (IQR: 20.0%-43.7%) within general hospitals. The median LOS was 2 (IQR: 1-3) nights for all hospital types.
Younger age was the greatest predictor of experiencing a HTO stay after adjusting for other patient and hospital variables ( Table 3) . Although no significant difference was identified between HTO discharges within children's units in general hospitals and general hospitals, the adjusted odds of experiencing a HTO stay in a freestanding children's hospital was 1.26 times greater than in a general hospital. Discharges from a teaching hospital and discharges following admission through the ED were also significantly associated with associated with HTO stays (P ϭ 0.01).
The variation noted in the adjusted proportion of HTO stays by secondary diagnoses fits clinical expectations (Table  4 ). Discharges with comorbid pneumonia or hypoxia had the lowest adjusted proportions of HTO stays whereas discharges with no secondary diagnoses or eczema/dermatitis had the highest. These patterns were consistent across hospital type.
Total Hospital Charges
In 2006, weighted aggregate hospital charges for asthma HTO stays reached $162 million (95% CI: $146 -$177 million). In multivariate linear regression models, LOS, age, APR-DRG severity of illness, hospital type, and admission source were significantly associated with total hospital charges. Mean adjusted total hospital charges were significantly higher when the admission began in the ED compared with routine admissions (Fig. 1 ). Total charges in general hospitals were significantly lower than charges in freestanding children's hospitals and children's units.
DISCUSSION
In 2006, HTO stays accounted for more than one-third of pediatric asthma hospitalizations within the KID. These stays represent substantial aggregate hospital resource utilization in terms of inpatient days and hospital charges. Our findings suggest a large number of children who are hospitalized for asthma may be eligible for observation as an alterative to traditional inpatient care, as indicated by the duration of their hospital stay. Younger age, uncomplicated asthma, private insurance coverage, and freestanding children's hospitals are most strongly associated with greater proportions of HTO stays.
Young children experience high rates of hospitalization for asthma. [22] [23] [24] [25] [26] We found that children less than 5 years of age were also most likely to experience HTO stays. Adolescents and young adults experience the lowest rates of HTO stays, which may be related to a tendency to hospitalize this age group for more severe asthma exacerbations. 24, 27 Although these findings may reflect higher readmission rates for younger asthmatics, 26, 28, 29 it is also possible that there are fewer outpatient alternatives to hospitalization available to young children. General hospitals, where the majority of children are cared for nationally, may be comfortable treating older children in OUs established to care for adults, thus avoiding the need to hospitalize milder exacerbations in adolescents and young adults.
Patterns of HTO stays by secondary diagnoses are not surprising. However, it was unexpected to find that more than 20% of cases with an associated diagnosis of pneumonia and nearly 30% of cases with hypoxia experienced HTO stays. Consistent with our findings, children with pneumonia and hypoxia have been previously identified as less likely to experience short hospital stays. 10, 30 In fact, in some institutions, these children are excluded from the OU setting. 7, 10, 31 Although they represent small groups of patients, more than 1 in 5 children with these more complicated asthma exacerbations were discharged after a HTO stay. To optimize utilization of OUs and avoid unnecessary hospitalization in patients with complicated asthma who could respond to OU care, the creation of or modification to treatment algorithms and observation protocols may be needed.
Interpreting results related to payer status is comparatively more complex. We find proportions of HTO stays to be similar for uninsured and privately insured patients. The reason for both groups having significantly higher proportions of HTO stays than the public payer group is not immediately apparent. We expect HTO stays to be influenced by factors that may be associated with payer status, including severity of illness, access to a primary care medical home, home asthma management, parental preferences, and outpa- tient and inpatient provider practices. Exploring these issues requires patient-level clinical data throughout the acute care encounter and data from the perspective of the patient, parent, and health care providers at the time of admission and discharge.
Another hypothesis for our findings on payer status relates to the potential for differences in reimbursement practices. Private insurers may provide incentives to hospitals that realize shorter inpatient stays, and patients without coverage may be more likely to try to leave the hospital more quickly. In contrast, if payers offer lower reimbursement or deny reimbursement for HTO stays, patients may remain hospitalized for an extra day to justify the admission. The existence and nature of such policies were not available for these data.
Although HTO stays for asthma occur within all hospital types, we found a statistically significant association between freestanding children's hospitals and HTO stays. Freestanding children's hospitals may have systems in place that promote HTO stays, such as condition-specific treatment protocols, the use of pediatric hospitalist services, ready access to home care services that allow for earlier discharges, or perhaps the presence of OUs. The latter possibility is supported by the fact that the majority of pediatric OUs in the published literature are within large children's hospitals or their EDs. 1 If some HTO stays measured in this study were actually treated in an OU, then our findings characterize the brief nature of hospital care for asthma but may somewhat overestimate the proportion of hospital discharges that could be shifted to OU settings. Conversely, "observation status," a billing designation applied to cases that do not meet inpatient criteria, is typically considered outpatient treatment. As such, stays under observation status would not be included in the KID-a sample of inpatient discharges. 32 Future studies are needed to characterize the settings in which children receive observation care in the United States and to clarify the degree to which billing "misclassification" of OU care effects on our results. Evaluating systems of care in hospitals with high proportions of HTO stays may reveal opportunities to restructure inpatient wards for greater efficiency or may reveal the need to develop alternatives to traditional inpatient care. Counter to previous research that has found non-birthrelated admissions originating in the ED to be shorter and less expensive than non-ED admissions, 19 charges for ED-based asthma admissions were significantly higher than routine admissions across LOS categories and hospital type in 2006. Our findings may indicate high intensity of services and resource utilization associated with ED care for asthmatic children. As the additional charges associated with ED care do not appear to have benefit in terms of inpatient LOS, they may contribute to quality outcomes not measured in this dataset, including patient safety and timeliness of care. Higher charges associated with freestanding children's hospitals and children's units within general hospitals are consistent with previous research and may be related to unique services or clinical or staffing approaches required to care for children. 33, 34 Limitations Data reported to HCUP are collected from discharge abstracts and do not contain admitting diagnosis. Final billing diagnoses may not accurately capture the reason for admission or comorbid conditions. In addition, the APR-DRG severity of illness categories are based on analysis of associated ICD-9 codes, which may not adequately control for case-mix differences among hospitals. The routine admission designation includes nontransfer and non-ED-based stays, therefore, some of these hospitalizations may be for scheduled care (eg, testing) whereas others may be direct admissions for acute treatment from an outpatient clinic setting. The dataset does not distinguish between these different reasons for hospitalization.
The LOS counts provided by the KID, expressed in incremental calendar days, do not offer the detail needed to determine if a 1-night stay lasted 20 versus 40 hours. In addition, treatment time in the ED may or may not be included in these LOS counts (and may differ depending on individual hospital policies), which could contribute to underestimation of the true duration of hospital-based care. The duration of care within the ED may be in part influenced by inpatient hospital factors. For example, when the inpatient ward is at capacity, an admitted patient may be "boarded" in the ED prolonging the ED treatment time.
There are additional limitations to administrative data when ED care precedes hospitalization, including not knowing the treatment delivered in the ED or the costs attributable to this care. Higher charges associated with ED-based admissions may reflect the addition of ED charges to the total charges for a given hospitalization. *Adjusting for age, race, gender, payer, season, APR-DRG severity of illness category, hospital type, teaching status, and admission source. † As designated by HCUP using information from the National Association of Children's Hospitals and Related Institutions (NACHRI).
FIGURE 1.
Mean adjusted total charges for HTO stays by admission source within hospital type. The bars display mean adjusted total charges for HTO stays by admission source in the overall sample and by hospital type. The vertical lines represent the 95% confidence interval for the adjusted mean value. Charges are adjusted for patient age, APR-DRG illness severity, admission source, hospital type, hospital teaching status, and LOS.
CONCLUSION
With crowded EDs, limited inpatient hospital capacity, and rising health care costs, it becomes increasingly important to match the intensity of services and location of acute care with the clinical needs of pediatric patients. The large proportion of HTO stays for children with a primary diagnosis of asthma suggests the need to explore opportunities for improvement in terms of resource utilization, health care delivery, and ultimately patient outcomes. Efforts to provide alternatives to traditional inpatient care will require attention to differences by patient age and comorbid conditions. Further evaluation of reimbursement practices and hospital services is needed to understand the influence of these factors on HTO stays.
